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Verso l’alta densità: nuovi portinne-
sti e sistemi di impianto nel ciliegio 

Riassunto. Per più di 25 anni, i portinnesti per il

ciliegio dolce sono stati valutati in diverse regioni dello

stato federale tedesco di Renania-Palatinate, in un

ambiente con vocazionalità vitivinicola e suoli medio-

pesanti in cui il problema della stanchezza del terreno

su Drupacee gioca un ruolo significativo nella maggior

parte dei frutteti. In generale, le prove portinnesti sono

state eseguite su piante allevate con fusto centrale e

messe a dimora con un sesto d’impianto di 4,0-4,5 m

per 2,0-3,0 m in funzione del vigore previsto. In

aggiunta ai normali parametri relativi alla performance

produttiva dell’albero, sono stati presi in considerazio-

ne anche lo stato di salute, la stabilità dell’albero e la

tendenza a produrre polloni. Nel 2013, una nuova

prova su portinnesti è stata impostata includendo tra i

portinnesti confrontati anche la nuova serie Weigi e

qualche clone recente di Gisela. Le aree soggette a

re-impianto nel frutteto sperimentale di Oppenheim

sono state confrontate con impianti su terreno vergi-

ne. Fino ad ora, Weigi 2 è risultato il portinnesto leg-

germente più nanizzante, ma anche quello meno pro-

duttivo, senza però effetti negativi sul calibro del frut-

to. Considerando i portinnesti semi-nanizzanti, Weigi

1, Weigi 3, Gisela 13 e Gisela 17 sembrano essere

simili sia nella vigoria che nell’efficienza produttiva. In

questo gruppo c’è un interesse a rimpiazzare PiKu 1

che, nelle condizioni ambientali tedesche, si è scoper-

to non essere abbastanza resistente ai freddi invernali

e suscettibile ai suoli pesanti ed al coleottero della

corteccia. Le prove sulle forme di allevamento hanno

mostrato come anche con piante di ridotte dimensioni

la resa e la qualità possano essere simili a quelle rea-

lizzabili con allevamento a fusetto, anche se in molti

casi le performance di raccolta possono essere

migliorate. Inoltre, si è visto come la potatura mecca-

nica abbia senso solo se combinata con una potatura

manuale di correzione. Infatti, la sola potatura mecca-

nica porta a ridotte dimensioni del frutto e può ridurre

notevolmente le performance di raccolta.

Parole chiave: ciliegio dolce, vigore, efficienza

produttiva, forma di allevamento

Introduction

In the past 25 years, the sweet cherry cultivation in
Germany has experienced a strong intensification.
Key factors for a successful cultivation are rain and
frost protection, plant protection issues (especially the
control of fruit flies) and last but not least the cultiva-
tion on small-scale trees for managing the harvesting
costs. Under these conditions, the rootstock Gisela 5
has succeeded. Because of the scarcity of land in
Germany and the fact that not every location is suita-
ble for sweet cherry cultivation, growers are increa-
singly facing the phenomenon of soil fatigue. Growth
is stunted and sometimes uneven (Wertheim, 1998).
Nematodes and Armillaria can be ruled out in the
region, but there can be many other causes. Since
there are no legal chemical options available for soil
disinfection in Germany, the rootstocks must prove a
certain tolerance to this disease. The public fruit
research board of  the Federal State of Rhineland-
Palatinate constantly examines new rootstocks. With
the introduction of the Weigi series (breedings of
Gießen rootstocks with Prunus cerasus rootstocks by
the University of Munich (Siegler, 2016) and new
numbers of the Gisela series, new rootstocks are or
will be marketed soonly in the dwarfing and semi-
dwarfing growth segment. 

Intensification and, above all, rising wages are for-
cing cherry growers to confront new training systems.
They are interesting if they allow mechanization in
production or at least if they are able to reduce pro-
duction costs drastically. New trials compare tree
forms described worldwide (Long et al., 2015) with
the spindle training common in Germany. In addition,
the mechanization of tree pruning and its influence on
tree growth, yield and fruit quality are examined.

Materials and methods

Rootstock Trials

Under the leadership of the Service Centre for
Rural Areas Rheinpfalz, rootstock trials have been
planted in the main production areas of the state for a
long time (tab. 1). Generally, they are located in a
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vine growing  climate.
The most recent trial was installed on 3 locations,

in February 2013. At Oppenheim, the soil is a deep
loess loam. The preceding crop were tart cherries
grafted on Mazzard. Yearly precipitation is 522 mm
and average yearly temperature is 10,6 °C.  The trial
design: 2 cultivars, 13 rootstocks, 2 trees by 3 repeti-
tions. The same trial was planted 100 meters away, on
new land. The spacing is 4.50 m between the rows
and 2.20 m or 3.00 m within the row, depending on
the expected vigour of  the rootstock, respectively.
The two cultivars chosen were ‘Bellise’, high produc-
tive and early ripening, semi-vigorous and poorly
branching and ‘Regina’: see above. The rootstocks
chosen are reported in Table 1. At Koblenz, the choi-
ce of rootstocks was the same, there was only replan-
ted land and the soil was a loamy sand with 30 per-
cent of pumice stone. In the neighbourhood there was

a third location cultivated by a private nursery and
planted only with cv. ‘Regina’ and 1 replication. 

All trials were irrigated. The planting material
were knip-trees, virus-free, and the scions were deli-
vered by a nursery. The system of crop protection and
plant nutrition was the integrated pest management
(IPM) with chemical weed control.

Planting Systems

Various planting systems and training forms were
tested on the research station of Oppenheim and in an
experimental orchard near Koblenz - see above for
site data. Many experiments have only been launched
in the past 3 years and no reliable results are available
up to now. Therefore, the oldest experiment on trai-
ning forms in Oppenheim, which was started in 2009,
will be discussed in more detail, as well as a compari-
son of mechanical pruning with manual pruning at the
Koblenz site. Here, the trial began in 2012.

Different Training Forms at Oppenheim

This trial has been planted in 2009 with 4 training
forms: the german type of spindle tree as described by
Balmer (2019) which is similar to the central leader
described by Long et al. in 2015. The Upright
Fruiting Offshoots-System (UFO) and the spanish
bush were trained as described by Whiting and Long
(2015) whereby the bush was pruned only mechani-
cally from the 3rd year on. An own development was
the “flat canopy”. It derives from a training form
which has been described for plums by Haberlein
(1990). The cultivars were ‘Samba’ and ‘Sweetheart’,
the standardized rootstock was PiKu 1. Spacing was
5.0 m by 3.5 m.

Comparison of hand pruning with mechanical pru-

ning at Koblenz

The cultivars ‘Samba’ and ‘Korvik’ were grafted
on Gisela 5. They were trained as hand-pruned spind-
le trees with a spacing of 4.25 m by 2.0 m and as frui-
ting wall: well feathered scions were planted 4.25 m
by 1.0 m (2352 trees per hectare). This system was
left unpruned in the 1st and 2nd leaf and hedged from
the 3rd leaf on in mid-August. The first corrective
hand pruning was carried out in winter 2017/2018.

Results and discussion

Rootstock Trial

In some locations, the rootstock Gisela 5, standard
in many European countries, has shown itself to be
not dwarfing enough. Therefore, weaker clones as
Weiroot 720 or Gisela 3 are assessed. As a particular

Test 1 2

Location Koblenz Oppenheim

Trees per rootstock 18 18

Cultivar ‘Giorgia’, ‘Regina’ ‘Bellise’, ‘Regina’

Planting date dic-02 feb-13

Rootstock:

Gisela 3 (S) x x

Gisela 5 (S) x x

Gisela 5 , innesto alto(S) x

Gisela 12 (S) x

Gisela 13 (S) x

Gisela 17 (S) x

G 196/4 x

PiKu 1(S) x x

PiKu 4 x

PHL-A x

PHL-C x

Tabel x

Victor x

VSL-2 (Krymsk 5) x

Weiroot 72 x

Weiroot 720 x

Weigi 1 x

Weigi 2 x

Weigi 3 x

Weigi 4 x

Tab. 1 - Overview of the rootstock trials, dwarfing and semi-
dwarfing rootstocks.

Tab. 1 - Quadro generale delle prove sperimentali sui portinnesti
nanizzanti e semi-nanizzanti.
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variant also a high-grafted Gisela 5 (graft union at 50
cm height instead of at 25 cm) is being tested. In addi-
tion, the Weigi-series and some new numbers of the
Gisela series are assessed also in the semi-dwarfing
segment. On the research station of Oppenheim there
is also the possibility to make a comparison between
replanted and new land. Using the example of cv
‘Regina’ the tree vigour of Gisela 3 and Weiroot 720
(a selection from Weiroot 72) is weaker than that of
Gisela 5 high-grafted and Gisela 5. PiKu 1 is not
much stronger (fig. 1). As also described by Siegler
(2016), the vigour of Weigi 2  is the same as or sligh-
tly lower than that of Gisela 5. In contrast to PiKu 1
and Weigi 2 Gisela 5 exhibits in 2018 less vigour in
new land, possibly due to the higher fruit set in the
previous year. All other rootstocks are stronger.
Generally the replant effect on this location is low,
shown here only for the variety 'Regina' and it is not
excessive for all rootstocks. 

The yield behavior is different for both varieties
tested. Results are presented for replanted land. In
general, the weak rootstocks are more productive than
the strong rootstocks. The year 2018 showed a very
high fruit set. For cv. 'Bellise' hardly more than 50%
of the fruits were larger than 28 mm. The most pro-
ductive rootstock W 720 also had the smallest fruits.
The comparatively dwarfing Gisela 3 was less pro-
ductive and therefore had more than twice of large
fruits. The higher yield efficiency of the high grafted
Gisela 5 was remarkable in comparison to the Gisela
5 with normal grafting height. Nevertheless, the fruits
of high grafted Gisela 5 were larger. Weigi 2 was as
productive as Gisela 5, but had slightly smaller fruits
(fig. 2 and 3).

For cv. 'Regina', the dwarfing Gisela rootstocks, W
720 and PiKu 1 exhibited the highest cumulative
yields. Here, too, there were sometimes extremely

high fruit sets in 2018. Especially Gisela 3 responded
with a very small fruit size. Here W 720 performed
significantly better. High grafted Gisela 5 also
showed a slightly better fruit size combined with a
slightly higher productivity than Gisela 5 with normal
grafting height. Weigi 2 had a lower fruit size compa-
red to Gisela 5, but this led to a distinctly higher pro-
portion of large fruits (fig. 4 and 5).

Fig. 1 - Comparison of the tree growth in new land and replanted
land (after the 6th leaf, cv.‚Regina‘), location of Oppenheim.

Fig. 1 - Confronto della crescita delle piante poste su terreno ver-
gine e su terreno re-impiantato (dopo la 6° foglia, cv.”Regina”),

area di Oppenheim.

Fig. 2 - Bellise‘; cumulative yield, 2015-2018, location of
Oppenheim.

Fig. 2 - “Bellise”; raccolto cumulativo, 2015-2018, area di
Oppenheim.

Fig.  3 - ‘Bellise’: yield efficiency and large fruits (% >28 mm) in
2018, Oppenheim.

Fig. 3 - “Bellise”: Efficienza produttiva e numero di  frutti con
elevata pezzatura (% >28 mm) nel 2018, Oppenheim.

Fig. 4 - Regina‘; cumulative yield, 2015-2018, location of
Oppenheim

Fig. 4 - “Regina”; raccolto cumulativo, 2015-2018, area di
Oppenheim.
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At both cultivars, Gisela 12 had a slightly higher
yield efficiency compared to Gisela 13 which corre-
sponds to the comments of Franken-Bembenek (2010).

From many years of experience we know that,
from a global perspective, dwarfing rootstocks such
as Gisela 3 or Gisela 5 can exhibit a wide range of
performance under different growing conditions
(Franken-Bembenek, 2010). For example, they are
often not vital enough in hot, dry climates and on soils
with a high pH value. There they tend to produce
fruits that are too small. Particularly at such locations,
there is hope to get a real improvement with Weigi 2.
Referring to this, the rootstock comparisons of the
experimental station “La Tapy” in Provence
(Southern France) are exemplary. With both varieties
'Regina' and 'Skeena', Weigi 2 has shown more vital
growth and a better fruit size than Gisela 5 (Siegler,
2018). These comparisons should always be made for
critical production sites. 

Planting Systems

In a trial carried out in Oppenheim from 2009 on,
training forms were compared over several years. A
comparison of cumulative yields and productivity
(fig. 6) shows that both the Spanish Bush and the flat
canopy were superior to the spindle in terms of yield.
In the UFO system, yields of the variety 'Sweetheart'
were reduced in the early years because the side wood
was removed too much. This was changed later. In the
last yield year, 2016, the picking performance was
compared (fig. 7). It was better for the variety with
the higher fruit setting ('Sweetheart') and highest for
'Sweetheart'  with the flat canopy. The exclusive
mechanical pruning of the Spanish Bush led to nume-
rous short side branches, which reduced the picking
performance compared to the flat crown. The fruit
size of both varieties was reduced in the Spanish Bush
variant (fig. 8).

A comparison of the hand-pruned spindle and the
mechanically pruned fruiting wall at the Koblenz site
shows that growth and yield characteristics have a
major influence on the development of the fruit size
(fig. 9). 'Samba' is a poorly branching, medium-bea-
ring variety that shows little difference between the
two treatments. 'Korvik' is more productive, well
branched and forms a lot of thin, hanging fruitwood.

Fig.  5 - ‘Regina’: yield efficiency and large fruits (% >28 mm) in
2018, Oppenheim.

Fig.  5 - “Regina”: efficienza produttiva e numero di frutti con
elevata pezzatura presenti (% >28 mm) nel 2018, Oppenheim.

Fig. 6 - Cumulative yield per tree [kg] and yield efficiency for
different training forms and 2 cultivars.

Fig. 6 - Raccolto cumulativo per albero [kg] ed efficienza produt-
tiva in diverse forme di allevamento e 2 cultivar.

Fig. 7 - Yield [kg/tree] and picking performance [kg/Std], red
points, in the last year of the trial.

Fig. 7 - Raccolto [kg/albero] e prestazioni di raccolta [kg/ora],
nell’ultimo anno di prova sperimentale.

Fig. 8 - Grading 2016 (percents of overall weight).
Fig. 8 - Calibrazione 2016 (percentuale del peso totale).
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mance compared to the mechanically pruned Spanish
Bush and the UFO system. In order to achieve com-
parable yields per hectare, the UFO system should be
adapted for some varieties, e.g. by tolerating more
side branching. A mechanical pruning (hedging)
which is not accompanied by a manual pruning,
quickly leads to a decrease in fruit size, especially for
productive, well branching varieties. By promoting
branching, mechanical pruning can also reduce
picking performance. It should therefore always be
carried out in combination with a manual correction
pruning, preferably every year or every two years.

Abstract

For over 25 years, rootstocks for sweet cherries
are evaluated in different locations in the german fed-
eral state of Rhenania Palatinate. They are situated in
a vine growing climate and have medium-heavy soils.
Replant disease of stone fruit plays a significant role
in most orchards. In general, all trees in the rootstock
trials are trained as central leader and planted 4.0 to
4.5 m by 2.0 to 3.0 m depending on the expected
vigour. In addition to the common performance para-
meters, tree health, anchorage and tendency for root
suckers are observed. In 2013 a new rootstock trial
has been established including, inter alia, the new
Weigi series and some recent Gisela numbers. In the
experimental orchard of Oppenheim, replanted soil
can be compared to new land. Up to now, Weigi 2 is
slightly more dwarfing but also less productive in this
trial what is no disadvantage regarding the fruit size.
In the group of semi-dwarfing rootstocks Weigi 1,
Weigi 3, Gisela 13 and Gisela 17 seem to be similar
both in vigour and yield efficiency. In this group
there is an interest to replace PiKu 1 which turned out
to be not winter hardy enough and susceptible to
heavy soils and bark beetles under German condi-
tions. Training trials revealed that also with low tree
forms, yields and qualities comparable to the spindle
can be obtained. The picking performance can be
improved in many cases. Mechanical pruning only
makes sense if it is combined with manual correction
pruning. An exclusive mechanical pruning reduces
the fruit size and can also reduce the picking perfor-
mance.

Keywords: sweet cherry, vigour,  yield efficiency,
tree training
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ficant yield compared to the spindle (2018).

Conclusion
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remain the standard in german cherry industry. Under
conditions with strong growth, a higher graft union
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aggressive winter pruning, a very good soil and a suf-
ficient water supply are prerequisites for a successful
cultivation. 

Also in replanting conditions Gisela 5 seems to be
well-suited in the region. PiKu 1 was not vigorous
enough for the segment of the semi-dwarfing root-
stocks. Weigi 3, Gisela 12, Gisela 13 and Gisela 17
could be healthy and more vigorous alternatives but
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Low trees can lead to an improved picking perfor-
mance with the same yield per hectare as in the stan-
dard system. Also a spindle training can be limited in
height. With the alternative canopy designs, the flat
canopy showed slight advantages in picking perfor-
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